Histological observations lead us to think that the release of lysosomal enzymes is associated with the intense vacuolation of the connective tissue capsule and the peripheral chondrocytes; loss of intercellular material only occurs in this region in sucrose-treated rudiments, and no vacuolation or loss of metachromasia is seen deeper within the cartilage. The release of hydrolases is not associated with cell necrosis, indeed the rudiments grow well in the presence of the sugar.
The mechanism of vacuolation is being investigated in cell cultures in collaboration with Mr R Munro and Mrs E Nyberg. A time-lapse film of Chinese hamster fibroblasts treated (in cultures) with sucrose, indicates that the initial effect of the sugar is to increase the rate of pinocytosis. Almost all the mono-, di-and trisaccharides tested cause the initial vacuolation, but it seems likely that this is only transitory in cells treated with sugars, such as glucose, that can be metabolized. The physicochemical mechanism whereby almost any uncharged sugar can cause this stimulation is completely obscure. The persistence of vacuoles in the cell may be due to a lack of cellular enzymes able to hydrolyse these compounds, whilst the cell may be unable to dehydrate the vacuoles owing to the hypertonicity of their contents.
Preliminary electron microscopic observations of control and sucrose-treated rudiments have been made in collaboration with Miss Audrey Glauert and Dame Honor Fell. Vacuoles are only observed in the hypertrophic chondrocytes of control 8-day limb-bone rudiments, but after two days' growth in the presence of008M sucrose the fibroblasts of the connective tissue capsule and the peripheral chondrocytes, osteoblasts and osteocytes are distended with large vacuoles. The vacuoles in the chondrocytes are of at least two types: those of type 1 contain material very similar in appearance to extracellular matrix, whilst those of type 2 contain many small vesicles and membrane-bound, electron-dense bodies. Occasionally small vesicles, apparently derived from rough endoplasmic reticulum, are present in the large vacuoles. The sucrose-treated cells contain many cytolysomes in various stages of formation and in some cells large pinocytotic channels are observed. There is some evidence of hypertrophy of the Golgi region, but otherwise the cytoplasmic organelles appear normal. These observations are preliminary and a full interpretation must await completion of our studies.
It seems possible that lysosomal enzymes may be secreted into these vacuoles and that this 'loss' of enzymes from the cell cytoplasm may lead in some unexplained manner to a compensatory synthesis. The mechanism whereby the enzymes are released to the outside of the cell is also unknown, though it is tempting to imagine that some form of reverse pinocytosis may occur. The rather unexpected appearance of matrix-like material within some of the vacuoles is of interest. It may be that this is extracellular material which has been partially solubilized by released hydrolases and then ingested with the sucrose. This polymeric material may then be further digested within the vacuoles; it is hoped that future experiments will indicate whether this postulated two-stage digestive process takes place in the cell.
In the experiments outlined above sucrose has been used as a tool to stimulate a certain type of lysosomal response. It seems possible, however, that some compounds of more physiological significance may act in a similar manner. If this type of lysosomal stimulus were to occur concurrently with a weak pathological reaction, for example of an antigen-antibody type, the effect on extracellular material might be drastic. Aspects of the physiology and pathology of lysosomes are illustrated by their involvement in immunological phenomena. Without implying causal association, these events may be discussed in terms of whether the evidence for lysosomal participation is decisive or circumstantial (Table 1) . Catabolism ofAntigen Antigen may be metabolized within macrophage lysosomes of lymphoid (Franzl 1962) or other organs (Uhr & Weissmann 1965) where it can persist in an immunogenic form; in some instances this association appears to enhance immunogenicity (Uhr & Weissmann 1965) . While much antigen is handled in this manner it is not yet certain whether lysosomal catabolism is an essential step in the sequence of events leading to antibody formation, or whether appropriate handling of antigen proceeds by a different metabolic pathway. This has yet to be evaluated, for the nature of the immune response is dependent upon the physical form in which an antigen is presented to the organism (Sterzl 1965) .
Lymphocyte Transformation
It has been suggested that lysosomal activation accompanies the initiation of transformation and that lysosomal activation is required to render small molecules available for subsequent anabolic processes . Indeed, some transforming agents (staphylococcal filtrate, streptolysin S) can increase the fragility of isolated liver lysosomes whereas some lysosomal stabilizers (chloroquine, prednisolone) can inhibit lymphocyte transformation by phytohiemagglutinin , Allison & Mallucci 1964 . However, these correlations are the exception rather than the rule and it is not known whether an agent can transform lymphocytes by penetrating the cell membrane and interacting with intracellular lysosomes. During culture, enlarging lymphocytes develop typical lysosomes. However, cellular enlargement in culture requires the synthesis of proteins and membranes (Willmer 1960) ; increased lysosomal activity may be a reflection of this. The work of Allison and Hirschhorn indicates that lysosomal enzymes are required for cellular reconstruction accompanying mitosis (Allison & Mallucci 1964 . On this view lysosomal activation may be of causal significance for the mitotic event but the role of lysosomes in cellular enlargement has yet to be clarified.
Arthus Reaction
Deposition of immune complexes and complement in vascular tissues leads to chemotaxis of polymorphs, increased vascular permeability, and polymorph degranulation; these features form the Arthus reaction (Cochrane 1965) . Intradermal injection of polymorph lysosomes reproduces the phenomenon and lysosomal constituents can induce even greater chemotaxis and vascular permeability than the original immune complexes (Golub & Spitznagel 1965) . Current evidence favours a basic lysosomal protein as the initiator of tissue damage (Janoff et al. 1965 ) but the participation of lysosomal cathepsins has not been fully excluded (Golub & Spitznagel 1965) . Healing of the Arthus reaction probably follows destruction of the offending antigen (Cochrane et al. 1959 ). Thus polymorph lysosomes not only mediate the reaction but also limit its extent. Whereas the molecular events involved in polymorph degranulation are not yet understood, the Arthus reaction may be regarded as an unhappy consequence of the removal of antigen (Cochrane 1965) .
Localization ofTransplantation Antigens
A close association of H-2 antigens with lysosomal fractions of mouse liver and spleen was reported by Basch & Stetson (1962) ; the significance of this merits discussion. Transplantation antigens appear to be associated with nonmitochondrial cell membranes and their actual site of synthesis may be the endoplasmic reticulum (Dumonde et al. 1963) ; their occurrence in surface and nuclear membranes, microsomes and lysosomes may be an expression of the structural continuity of intracellular membranes (Hirsch 1961 , Heberman & Stetson 1965 . Their occurrence in lysosomal fractions may also represent phagocytosis of membrane material from other cells sequestered in the reticulo-endothelial system (Basch & Stetson 1963) . Initial controversy regarding cellular localization of transplantation antigens was probably due to differences in fractionation and assay procedures (Wolstenholme & Cameron 1962) but with standardization of these the occurrence of transplantation antigens in lysosomes of other tissues may now be investigated.
Circumstantial Evidence Implicating Lysosomes in Immunological Events
If cellular recognition of foreignness is an immunological event in higher organisms (Boyden 1963 ) the question arises of the possible discriminatory functions of intracellular membranes. Cells responsible for antigen catabolism are well endowed with lysosomes and indeed transplantation antigens; both these features may be useful to a cell responsible for recognition of non-self (Basch & Stetson 1963) . That some forms of cellular recognition may require the participation of lysosomes is suggested by the ability of cortisone to abrogate allogenic inhibition in vivo and in vitro (Hellstrom et al. 1965) .
During the induction of delayed hypersensitivity lysosomal activation occurs in lymphocytes of lymph nodes, peritoneal exudate and peripheral blood (Diengdoh & Turk 1965) but the exact relationship to the immunological state is not yet clear. In the delayed hypersensitivity of bacterial infection, macrophages may acquire enhanced reactivity to antigens (Mackaness 1964) and macrophage lysosomes may participate in these events (Mizunoe & Dannenberg 1965 , Saito & Suter 1965 . However, in macrophages, lysosomal effects related to specific antigen have yet to be obtained.
It has been suggested that some degree of tissue alteration is necessary for a state of autoimmunity to be revealed as disease (for references see Dumonde 1965) . That lysosomal activation may provide such triggering mechanisms has been proposed by Weissmann (1964) ; he has argued that metabolic insults may lead to the abnormal handling of body materials by lysosomes and permit autologous macromolecules to be processed as if they were antigens (Weissmann 1964 ). However, the immune response to tissue damage in normal animals and man does not provide the features of idiopathic autoimmunity, and in man there may be underlying genetic abnormalities giving rise to these differences (Dumonde 1965) . Although the concept of 'lysosomal disease' has received attention elsewhere (Hers 1964) there is at present no evidence of a primary abnormality of tissue lysosomes in human autoimmunity.
The degranulation of mast cells in anaphylaxis (Austen 1965 ) bears a superficial resemblance to degranulation of polymorphs in the Arthus reaction. Mast cells contain appreciable quantities of lysosomal enzymes and Koenig (1965) has evidence for a histochemical relationship between the membranes of mast cell granules and those of liver and kidney lysosomes.
Effects of Antibodies on Cells and Subcellular Particles
It is likely that immune cytolysis of nucleated cells by antibody and complement is initiated by membrane disarrangements similar to those involved in immune hemolysis (Borsos et al. 1964 , Humphrey 1966 . Loss of ionic balance is followed by colloid osmotic swelling, entry of antibody into the cell, nuclear staining by trypan blue and failure of aerobic glycolysis (Green & Goldberg 1960 , Dumonde et al. 1961 ). Rupture of intracellular lysosomes is accompanied by unmasking of lipid and phospholipid throughout the cell surface and cytoplasm of ascites tumour cells (Dumonde, Bitensky, Cunningham & Chayen 1965 , Forrester et al. 1965 together with coagulation of cytoplasm about the nucleus (Dumonde & Chayen, to be published). Lysosomal rupture in immune cytolysis may be due to an inward extension of membrane disarrangements from the cell surface, to a change in the ionic composition of the cytoplasm, or to fixation of antibody on to lysosomal surfaces. The last suggestion is rendered unlikely by the inability of antibody and complement to affect the fragility of isolated lysosomes (Dumonde, Roodyn & Prose 1965) .
In the absence of complement, ascites cells exposed to antibody remain viable and continue to metabolize glucose; as judged by immunofluorescence, antibody does not appear to enter the cells. However, lysosomal activation and unmasking of cytoplasmic phospholipid occur after only a brief exposure to antibody, though in the absence of complement a rearrangement of surface charge can no longer be detected (Forrester et al. 1965 ). The question therefore arises of the mechanism of lysosomal activation within these viable cells.
It is possible that pinocytosis of small amounts of antibody may permit immune reactions on, or close to, lysosomal particles. However, antibody to the surface membrane of isolated liver lysosomes does not affect their fragility, and it appears that lysosomes (and mitochondria) may not be lysed by fixation of antibody (and complement) at their respective surfaces (Dumonde, Roodyn & Prose 1965) . It is suggested that following an immune reaction associated with the cell surface, lysosomal activation within viable cells occurs by an indirect mechanism which may involve the unmasking of lipid from lipid-protein complexes within the cytoplasm.
Discussion
The assessment of the role of lysosomes in immunological phenomena points to the difficulties of deciding whether lysosomes may be causally involved in biological situations. Little is known of the control of lysosomal activity within living cells; heterogeneity of lysosomes (de Duve 1963) and tissue differences in lysosomal morphology (Brandes 1965 ) increase the complexity of this field. A possible approach is to view the 'lysosome' as one activity of cellular membranes serving endocytic and exocytic functions (de Duve 1963). Thus primary alterations to the membrane system may under some circumstances be revealed as lysosomal effects, which may be regarded as indicators of the underlying events. Although this cannot yet be discussed in molecular terms, substantial contributions to this field may weU come from a study of lysosomal changes in a variety of biological phenomena.
The Role of Lysosomes in Experimental Arthritis
The notion that hydrolytic enzymes from lysosomes might be implicated in arthritis originates from the experiments of Fell and her colleagues. Fell & Thomas (1960) suggested that the loss of matrix from cartilage of rabbits given excess vitamin A might be the result of activation of a proteolytic enzyme or enzymes with properties similar to papain. To the subsequent research at the Strangeways Laboratory we owe the concept that excess vitamin A increases the permeability of the lysosomes in chondrocytes, thereby releasing hydrolytic enzymes into the surrounding matrix; one of these is a cathepsin which splits the protein-chondroitin sulphate complex. Dingle (1962) has emphasized that in embryonic rudiments cultured in excess vitamin A, there need be no cell necrosis even though intracellular enzymes are causing degradation of extracellular material.
The softening of cartilage by vitamin A, like that produced by intravenous papain, is generalized and of short duration. There may be interference with epiphyseal growth, but the joints do not simulate any form of human arthritis. Nevertheless the discovery that chondrocytes contain a cathepsin capable of degrading the matrix, and the collateral discovery that polymorphonuclear leucocytes, macrophages and synovial tissue also have lysosomes containing cathepsins, have given a new impetus to our efforts to unravel the biochemical changes involved in arthritis.
Suppurative Arthritis
The most rapid and extensive destruction of cartilage occurs in suppurative arthritis caused by staphylococcal or streptococcal infection. There is sometimes a total loss of cartilage over the areas of maximum pressure, exposing the underlining bone. The digestion of the cartilage in such cases has long been attributed to proteolytic enzymes in the pus (Phemister 1924).
Rather surprisingly it is difficult to produce anything like this in experimental animals. Curtiss & Klein (1965) have recently injected up to 2-5 ml of staphylococcal culture three times into the knee-joints of dogs without producing gross visible cartilage destruction, though there was loss of chondroitin sulphate from articular
